The present study investigates the optimization of tannase production from Aspergillus nidulans for various physicochemical parameters and harvests tannase for its chemical characterization. The maximum tannase activity was observed on the third day of incubation at 35
INTRODUCTION
Tannase hydrolyses the ester bonds of tannic acid that results in the production of glucose with galloyl esters and gallic acid (Belur and Mugeraya 2011) . Tannase is a high molecular weight enzyme that weighs between 186 000 and 300 000 Daltons depending upon the nature of source such as diverse group of bacteria and fungi (that can synthesize tannase based on requirement; Lekha and Lonsane 1997; Belur and Mugeraya 2011) , animals, plants and microorganisms though it is produced in large amounts by microorganisms [bacteria, fungi and yeast] . Much of the literature indicates the fungus, 'aspergillus' as the primitive source of tannase among the microorganisms though other bacterial strains are also reported to produce tannase in different capacities. Few other bacterial genera are known to be associated with tannase production including Bacilli, Corinebacterium, Lactobacillus and Serratia (Sharma, Bhat and Dawra 1999; Aguilar et al. 2001; Sabu et al. 2005) .
Tannase has been used in a wide variety of industries such as food, cosmetics, chemicals, instant tea preparation, wine, beer, coffee and also used as an additive for detanniffication of food besides tannery treatment (Muslim, Dham and Mohammed 2017) . Tannin acyl hydrolase, also called as tannase, hydrolyzes tannin to yield gallic acid that has different applications as in the preparation of trimethoprim [bacteriostatic antibiotic], pyrogallol and propyl gallate (Lekha and Lonsane 1997; Sharma, Bhat and Dawra 1999; Aguilar et al. 2001; Sabu et al. 2005; Belur and Mugeraya 2011) . Very few microorganisms secret tannase because tannin is toxic for the microbes and hinder their growth, while at the initial stage of growth process, tannase restricts the growth of microorganisms (Field and Lettinga 1992) .
Emerging threats from multiple drug resistant bacteria, particularly gram negative species, have become a global public health challenge (Jordan and Durso 2000; Sharma, Bhat and Dawra 2000; Arunagiri et al. 2012) . This challenge could be overcome with an alternative approach other than using antibiotics i.e. through the augmentation of antimicrobial efficacy along with a natural potent inhibitor of tannase. The present study is aimed at producing tannase from bacterial sources and optimizing it for various physicochemical parameters to appraise the efficiency of tannase enzyme. To the best of our knowledge, this is one of the few reports where bacterial species was used as the source for producing tannase enzyme and its role in various bioactivities such as antibacterial, anti-biofilm and antioxidant activity was evaluated.
MATERIALS AND METHODS

Chemicals and reagents
To study the antioxidant properties of purified tannase, commercially available 2,2 -Azino-bis [3-ethylbenzthiazoline-6-sulfonic acid] [ABTS], and butylated hydroxyanisole [BHA] , stable free radical 1,1-diphenyl-2-picryl-hydrazyl [DPPH] and 3,5-dinitrosalicylic acid were obtained from Sigma [SigmaAldrich GmbH, Sternheim, Germany] . All the chemicals used in this study were of analytical grade.
Screening for tannase producing strains
In this study, various microbial species of different sources were screened including environmental and clinical sources. All the isolates were screened for the presence of tannase activity and those exhibiting tannase activity were identified till species level. The isolates identified were confirmed using API 20E biochemical system according to the manufacturer's instructions and reconfirmed through genetic detection of housekeeping gene, 16S rRNA as per the published literature (Jordan and Durso 2000) .
Qualitative and quantitative detection of tannase production
The standard procedure was applied during microbial culture. All the bacterial isolates were allowed to grow in nutrient broth incubated at 37
• C for 24 h. Overnight grown culture was centrifuged at 8000 rpm for 20 min and the resulting supernatant was used to establish the tannase activity. Production of tannase was detected by commercially available plant-based tannin powder extracted from Terminalia belerica Roxb which contains gallic acid. Tannase was assayed through the method described by Sharma et al. 2000 that was based on chromogen formation between gallic acid and rhodanine in the presence of tannase (Sharma, Bhat and Dawra 2000) . The bacterial extract, which contains tannase of specific chromogen with blackish brown color, gets completely disappeared post tannin hydrolysis when grown with tannin powder that results in the development of a clear halo zone around the colonies. This method is sensitive even for the minuscule amount of tannase. To quantify the tannase production from each isolate, tannic acid was used as a substrate and formation of gallic acid was measured using modified method as described before (Mahendran, Raman and Kim 2006) . In brief, 1 ml of supernatant from overnight culture was incubated with 1 ml of tannic acid (0.5%) containing 1 ml of 0.1M acetate buffer [pH 5 .0] at 37
• C for half an hour. Furthermore, it was incubated in boiling water bath for 10 min to nullify the enzyme activity. 3, 5-dinitro salicylic acid reagent was used in an equal amount to tannic acid and final volume was made up to 10 ml with distilled water, whereas OD was measured at 540 nm. The tannase activity was calculated as below. Enzyme activity [U/ml] = Microgram of glucose produced/V × T; V is the aliquot of enzyme sample and T is the time of hydrolysis.
One isolate that exhibited abundant activity for tannase was selected for further optimization and purification of tannase.
Optimization of different physicochemical parameters
Strain FT10 was used for further optimization of tannase production using different factors. This isolate was grown in the presence of different concentrations of tannic acid, whereas the tannase activity was measured at different incubation periods up to 7 days at 6 h interval. Tannase activity was also measured in the presence of different carbon sources (such as glucose, mannose, galactose, glycerol and ribose), nitrogen sources (such as peptone, yeast extract, beef extract, urea and casein) as well as inorganic nitrogen sources (such as ammonium sulfate, ammonium chloride, ammonium nitrate, sodium nitrate and potassium nitrate) at concentrations ranging from 0.5% to 2%. The optimization of tannase was also evaluated at different incubation temperatures from 30
• C to 56
• C and at various levels of pH as described in earlier section.
Partial purification of tannase from FT10
The FT10 isolate, which exhibited higher tannase activity than other study isolates, was selected for harvesting tannase. The isolate was grown at optimal conditions and the supernatant was checked for tannase activity as described in the previous section. This crude extract was subjected to partial purification using ammonium sulfate precipitation at 20%-80% saturations. At different concentrations of ammonium sulfate, the precipitated sample was collected and the activity of tannase was checked. The precipitated sample along with the partially purified tannase was dried and dissolved in 0.1 M acetate buffer. The dissolved sample was dialyzed overnight against the same buffer under cold conditions and was subjected to filtration at a flow rate of 2 ml/min through a Sephadex G-150 column [2 × 60 cm], pre-treated with 10 mM acetate buffer [pH 5.0]. The obtained fractions were pooled and dialyzed against water and then filtered at a flow rate of 1 ml/min through a DEAE-Sephadex column, pre-treated with 20 mM phosphate buffer [pH 7.0]. The column was washed to remove unbound proteins, whereas the bound proteins were eluted by applying a graded NaCl solution. The pooled active fractions were then dialyzed against water, concentrated by freeze drying and stored at −20 • C. In both columns, each fraction was assayed for protein [280 nm] and tannase activity. 
Purification of tannase FT10 and its structural characterization
Antimicrobial, anti-biofilm activities and synergic effects of tannase with other antibiotics
Various gram positive bacterial isolates such as Streptococcus agalactiae, Staphylococcus aureus and their gram negative counterparts such as Klebsella pneumonia, Escherichia coli and Pseudomonas aeruginosa were used for testing the antimicrobial activity of tannase. The antimicrobial activity of purified FT10 tannase was determined through the Kirby-Bauer disc diffusion method using Mueller Hinton agar plates on the basis of prescribed CLSI guidelines for inoculum preparation and antibiotics concentration. In this assay, tannase was applied at 10 μg concentration to a sterile blank paper disc [6 mm diameter]. Streptomycin [10 μg/20 μL] was used as a positive control in each well. The Kirby-Bauer disc diffusion method was repeated as mentioned above to determine the synergistic activity of purified tannase in combination with different antibiotics. The same bacterial isolates were used for this assay.
The microtiter plate method was used to determine the antibiofilm activity of tannase using the procedure described earlier (Kalishwaralal et al. 2010) . Aliquots of same bacterial suspension [200 μl; 5×10 5 CFU/ml, final concentration] as mentioned in the previous section were used. The purified tannase with or without different antibiotics was added to the growth medium at the time of inoculation and the cells were allowed to produce biofilm. The medium without bacterial suspension was used as the negative control. All the assays were performed thrice and the average value was taken for the calculation. The percentage of biofilm formation for each pathogenic bacteria was calculated from the equation found in the literature (Gudiña et al. 2010 ).
Determination of antioxidant activity through DPPH and ABTS radical scavenging activity
The antioxidant activity was measured through scavenging activity of tannase to quench free radicals such as DPPH and ABTS. The activity was measured by the method described previously (Re et al. 1999; Braca et al. 2001) . Tannase, at concentrations rang- ing between 10 and 100 μg/mL, was used in this assay. Butylated Hydroxy Toluene and BHA, the commonly known antioxidants were used as standards. One ml of methanol was used as the control.
Statistical analysis
Statistical package (SPSS Inc., Chicago, IL) was used to analyze the data for its statistical significance. The levels of significance were expressed at P < 0.05 analyzed by χ 2 test.
RESULTS
Qualitative and quantitative detection of tannase production
For the study purpose, we collected over 109 environmental samples of soil, sea shore, other rotten food materials and 31 clinical samples of skin infections from locally available individuals. All the samples were cultured on blood agar as well as on Sabouraud dextrose agar media. Among the samples, 21 environmental samples and 25 clinical samples exhibited microbial growth. All the grown microbes were cultured in sterile broth. Each strain was tested for tannase activity. Finally, seven fungal strains exhibited tannase activity that was further screened for their activity (Fig. 1) . All the seven isolates, based on tannase activity, were further tested for tannase production and it was observed that the isolate FT10 showed the highest tannase production compared to other six isolates designated as FT12, FT14, FT105, FT 109, FT117 and FT131 (Fig. 2) . The isolate FT10 was identified using API 20E biochemical and was confirmed through 16 S rRNA gene sequencing as Aspergillus nidulans that is also called Emericella nidulans and therefore, the isolate A. nidulans [FT10] was selected for the purification and optimal enzymatic characterization of tannase. 
Optimization of different physicochemical parameters
In order to determine the optimal incubation period of a microorganism to harvest more tannase from the source, at every 6 h interval, the tannase production was checked through its activity. Maximum tannase activity [84.4 U/ml] was observed on the third day [72 h] of incubation (Fig. 3) , whereas maximum tannase activity [85.1 U/ml] was observed at the incubation temperature of 35
• C although the organism showed considerable activity between 27
• C and 40
• C, a wide temperature range (Fig. 4) .
The activity of tannase FT10 was evaluated at various temperatures ranging from 40 • C to 65
• C. The results inferred that the enzyme expressed optimum activity at 40-42
• C and up to 52-54 • C, there was no significant variance (Fig. 5) since it retained its relative activity of 90% at this temperature. At different pH, the tannase activity was evaluated that got stabilized at pH between 5.5 and 6.0 by holding 100% of its activity, whereas it possessed its half-life above or at pH 7.0 (Fig. 6) . The maximum tannase activity [96.2 U/ml] was observed at an acidic pH of 5.5 and a gradual decrease in tannase activity was observed when the pH reached alkaline range (Fig. 6 ). There was no significant enhancement in tannase production between different carbon sources; however, tannase production was increased with tannic acid [1% w/v]. Tannase activity was good in the presence of nitrate compounds but not varied significantly with other factors (Fig. 7) .
Purification of tannase FT10 and its structural characterization
The tannase was partially purified from A. nidulans [FT10] through ammonium sulfate precipitation at different concentrations and it was found that at 80% of ammonium sulfate concentration, the precipitate exhibited the maximum activity for tannase of 96 U/ml. SPC showed three fractions of total nine from crude extract showing the activity and three fractions were pooled together and subjected to purification through Kieselgel 60 F254 column. The eluted fraction was checked for its activity and the active purified fraction was run through Shimadzu LCMS system that showed its M/Z value as 162.3. This was confirmed by SDS-PAGE where a single band of expected size ( Fig. 8a and b) was observed. UV spectrum and FTIR confirmed the presence of two oxy-and three hydroxyl groups in the benzene ring structure (Fig. 9) . The number of carbon and hydrogen was verified in NMR spectra and compared with a commercially available standard tannase powder [data were now shown].
Antimicrobial, anti-biofilm activity and synergic effects of tannase with other antibiotics
The antibacterial activity of tannase was comparable with control antibiotics such as streptomycin and ceftazidime for gram positive and gram negative bacterial species, respectively (Table 1 ). The efficacy was further increased with effectiveness [less MIC and increased diameter of inhibition] for all tested bacteria in comparison with control antibiotics. The amount of biofilm formation was significantly inhibited by the purified tannase when combined with other antibiotics. However, the biofilm inhibition was observed to be more significant in gram negative bacterial species (Fig. 10) .
Determination of antioxidant activity by DPPH and ABTS radical scavenging activity
The DPPH scavenging activities of crude extract, purified fraction and the negative control are compared in Fig. 11 . The scavenging activity was greatly increased with purified component and when the concentration of the purified tannase, FT10 was increased. 
DISCUSSION
Tannase is a hydrolase enzyme that breaks down ester bonds of tannic acid that results in the production of gallic acid (Belur and Mugeraya 2011) . It is an extracellular secretion from wide sources such as animals, plants and microorganisms but fungal species are the major source for tannase (Lekha and Lonsane 1997; Bhat, Singh and Sharma 1998; Sharma, Bhat and Dawra 1999; Aguilar et al. 2001; Sabu et al. 2005) . Tannase has a wide range of applications in cosmetics, chemical industries and food processing such as the preparation of instant tea, wine, beer, coffee-flavored soft drinks and as an additive for detanniffication of food (Nadaf and Ghosh 2011; Muslim, Dham and Mohammed 2017) . Though previous studies reported fungi being the prime source of tannase production, here in this study, we report the production of tannase from A. nidulans for the first time. Aspergillus nidulans is one of the many species of filamentous fungi belonging to the phylum, Ascomycota. Earlier in this study, A. nidulans was known for its production of anidulafungin, a semisynthetic lipopeptide antifungal drug that was discovered in Germany in 1974 (Hof and Dietz 2009 ). This antifungal drug functions by destabilizing the fungal cell wall and inhibiting the synthesis of glucan, a cell wall integral component (Reboli et al. 2007) . Tannase production was optimized using FT10 isolate of A. nidulans that was found to be exhibiting high amount of tannase activity. At third day of incubation and at the temperature 35
• C with pH 5.5 to 6, maximum tannase production was observed. There was no effect found in production when carbon and nitrogen source were changed. The decreased enzyme activity, after the third day, might be due to growth reduction and depletion of nutritive media, entrancement of an organism to stationary phase of growth, and excessive concentration of metabolic by-products. As per our best knowledge, this is the first study to characterize the antibacterial, anti-biofilm and antioxidant activities of tannase derived from a fungal species. Tannase was efficiently able to control the biofilm formation of different gram negative as well gram positive bacterial species. Moreover, it showed synergistic activity together with antibiotics, streptomycin and ceftazidime. At the same time, it also expresses antioxidant activity that was proved through DPPH and ABTS radical scavenging activity.
The potential mechanisms of its synergistic activity in combination with other antibiotics are not tested though previous studies have shown such synergistic effects of two different molecules that can modulate biofilm formation: inhibition of bacterial surface attachment and interruption of quorum sensing [QS] . Synergistic antibacterial and anti-biofilm activity of tannase might be due to inhibition of bacterial surface attachment or interruption of QS that needs to be investigated. The originality of this study lies in using a new microorganism not reported earlier for an optimum production of tannase and application of the latter for the first time as anti-biofilm and antioxidant agents.
